Background: Orthostatic hypotension (OH) is associated with increased risk of falls, cognitive impairment and death, as well as a reduced quality of life. Although it is presumed to be common in older people, estimates of its prevalence vary widely. This study aims to address this by pooling the results of epidemiological studies. Methods: MEDLINE, EMBASE, PubMed, Web of Science, and ProQuest were searched. Studies were included if participants were more than 60 years, were set within the community or within long-term care and diagnosis was based on a postural drop in systolic blood pressure (BP) ≥20 mmHg or diastolic BP ≥10 mmHg. Data were extracted independently by two reviewers. Random and quality effects models were used for pooled analysis. Results: Of 23,090 identified records, 20 studies were included for community-dwelling older people (n = 24,967) and six were included for older people in long-term settings (n = 2,694). There was substantial variation in methods used to identify OH with differing supine rest duration, frequency and timing of standing BP, measurement device, use of standing and tilt-tables and interpretation of the diagnostic drop in BP. The pooled prevalence of OH in community-dwelling older people was 22.2% (95% CI = 17, 28) and 23.9% (95% CI = 18.2, 30.1) in long-term settings. There was significant heterogeneity in both pooled results (I 2 > 90%). Conclusions: OH is very common, affecting one in five community-dwelling older people and almost one in four older people in long-term care. There is great variability in methods used to identify OH.
Orthostatic hypotension (OH) is a disabling condition, characterized by a sustained reduction in blood pressure (BP) upon standing upright (1) . It results in a broad range of symptoms, leading to reduced quality of life and impairment basic activities of daily living (2) . Recent studies have also identified an association between OH with cognitive impairment, stroke, and mortality (3, 4) .
While, OH is generally considered as a common finding in older populations, estimates of its prevalence vary widely (5, 6) . With the rapidly ageing population and the growing demand for health care resources in the older population, robust estimates of prevalence are required to justify and plan service design and provision. Furthermore, as good quality evidence for the treatment of OH is lacking, reliable estimates of its prevalence will be useful to draw more research funding to this area.
The aim of this study was, therefore, to provide pooled estimates of the prevalence of OH in older people living in the community and within long-term care facilities.
Methods

Eligibility Criteria
To be eligible for inclusion, all studies were required to meet the following criteria:
• Participants: All study participants (or subgroup) had to be aged at least 60 years. If the lower age limit of participants was not reported, it was estimated from the mean and standard deviation [mean − (2 × standard deviation)] of the overall study population. Studies relating to OH secondary to acute illness (such as hemorrhage or sepsis) or hemodialysis were excluded. Studies reporting the prevalence of OH in specific populations (such as Parkinson's disease or hypertension) were excluded unless they included a population-based control group. • Setting: Studies were included if participants were identified on a population level or an appropriate register (e.g. electoral roll, primary care database) and were excluded if recruitment occurred in specific settings such as a clinic. Participants were considered community-dwelling if they lived in their own home, regardless of whether they receive additional health or social care in their home. Studies in long-term care settings such as rehabilitation units, residential and nursing homes were included and reported as a specific group. • Diagnosis: To be included, studies were required to be published after 1996 when the international consensus diagnostic criteria were published. Where studies were published after this date, but were performed before this date, they were still eligible if the diagnostic criteria were equivalent to the 1996 consensus. Studies published since 1996 which had minor variations in diagnostic criteria were included, with these being reflected in the quality assessment. • Studies: Only studies written in the English language were eligible. Prospective, cross-sectional, and retrospective studies were considered if they reported the number or proportion of older people with OH. Case studies, case series, and case-control studies were excluded. 
Data Sources and Searches
Study Selection
All identified studies were collated into the Endnote X7 software (Thomson Reuters) where duplicates were removed. Titles and abstracts of the remaining studies were screened for eligibility by two researchers (J.F., N.I.S.); full-text articles were reviewed where there was doubt about eligibility for inclusion. Following the screening process, full-text articles were retrieved for all selected articles.
Data Extraction
Data were extracted by two researchers (J.F., N.I.S.) independently onto data extraction forms specifically adapted for the topic of this review. Data collected included study design and methods, recruitment, sampling and setting, participant characteristics, BP measurement, diagnosis criteria, and prevalence of OH. Where prevalence was reported at more than one time point, the first time point was used. Disagreement between researchers was resolved by a third researcher (M.P.T.).
Quality Assessment
An existing tool for assessing the risk of bias in prevalence studies was completed by two reviewers (J.F., N.I.S.) (7) . A score of 0 to 10 is assigned to each selected article, where 7-10 implies further research is unlikely to change the confidence in the estimate of prevalence, 3-6 suggests further research is likely to change confidence, and 0-2 implies that further research is likely to change the estimate of prevalence. Although funnel plots may overestimate publication bias in prevalence studies, they were constructed to explore the possibility of bias for analyses that contained more than 10 studies (8) . These are presented in Supplementary Figure 1 .
Data Synthesis and Analysis
As population-based studies are likely to be heterogeneous, a random-effects model was chosen. Estimates of prevalence were transformed using the double arcsine method, which addresses the problem of reduced variance, and therefore excessive weighting, of estimates close to 0 or 100%. Analysis was performed using MetaXL (www.epigear.com). Given the anticipated range of quality between studies, a quality effects model is also reported, which assigns greater weighting to studies of higher quality. Forest plots were visually inspected to identify obvious heterogeneity. The I 2 method of calculating heterogeneity was used to identify where inconsistency may have been due to chance. An I 2 estimate between 50 and 75% was considered moderate heterogeneity and greater than 75% was considered as high. Meta-regression data were created using MetaXL and exported to Stata for analysis.
Protocol and Registration
A protocol of the methodology used for this review was registered and published prospectively, protocol ID CRD42017070877 (http:// www.crd.york.ac.uk/prospero/).
Results
Study Selection
Twenty-six studies in total were included for both the review and analysis. The identification, screening, and selection of records are illustrated in Figure 1 . Two studies provided data for an older subgroup, via personal communication with the corresponding author (9, 10) .
Study Characteristics
The majority of studies were performed in Europe (11), seven were conducted in North America, two were in Asia, and two were in Australia. Four studies included participants under the age of 60 years, but presented data for an older subgroup, and were therefore included (9, 12, 13) . Detailed characteristics of included studies are displayed in Supplementary Table 2 .
Participant Characteristics
Twenty studies were performed in community-dwelling individuals, with the remaining six studies occurring in long-term residential facilities (Supplementary Table 2 ). Inclusion and exclusion criteria were heterogeneous, as was the reporting of participant characteristics (Supplementary Table 2 ).
Diagnosis
Methods utilized for BP measurement varied between studies. Seven studies report using a manual device (11,14-19), 10 report using an automated device (9, 10, 12, (20) (21) (22) (23) (24) (25) (26) , two studies used noninvasive, continuous BP monitoring (5, 27) , five did not report their device (28) (29) (30) (31) (32) , and two studies used other methods (random-zero sphygmomanometer (33); automatic BP cuff with a heart sound microphone (13)). Two studies used a tilt-table to induce orthostasis (5, 24) . The majority of studies rested participants supine for 5 minutes prior to standing (5, 10, 14, 16, 19, 22, 24, 26, 28, 29, 31) . Other supine durations included 10 minutes (11, 27) , 15 minutes (12,17), 20 minutes (18, 23) , and 25 minutes (9). One study measured the supine BP before the participants arose from bed in the morning (20) and the remaining seven studies did not provide sufficient information (13, 15, 21, 25, 30, 32, 33) .
There was wide variation in the timing of standing BP measurement. The most common method was to record BP at 1 and 3 minutes of standing (11, 12, 16, 19, 20, 22, 23, 25, 26, 28, 33) . Other timings included after 3 minutes (17,18), after 1 minute (14, 29, 31) , at 1 and 2 minutes (15), every minute for 7 minutes (13), every minute for 5 minutes (24), at 1, 2 and 3 minutes (10), and every 30 seconds for 2 minutes (9) . Three studies did not report the timing of standing BP measurement (21, 30, 32) .
Diagnosis of OH was based on a drop in systolic BP of ≥20 mmHg, or of ≥10 mmHg for diastolic BP, upon standing, in most studies (5, (9) (10) (11) (12) (13) 16, 17, 19, 22, (24) (25) (26) (27) (28) (29) (30) (31) (32) . One study also used these criteria but required the BP drop to be present at two time points during standing (15) . In addition to this criteria, one study also diagnosed OH if there was a ≥10 mmHg drop in mean arterial pressure (20) ; another study also diagnosed OH if postural symptoms were present (even in the absence of a BP drop) (18) . The four remaining studies focussed only on systolic BP (postural drop ≥20 mmHg) (14, 21, 23, 33) .
Quality Assessment
The quality of included studies is summarized in Supplementary  Table 3 . Sixteen of the 20 community-based studies yielded a quality assessment score of 7-10 indicating that further research is unlikely to change the confidence of estimated prevalence, with the remaining four studies yielding a score of 4-6 suggesting that further studies are likely to change the confidence of the studies. Of the six studies conducted in residential settings, the risk of bias score for four studies fell between 7 and 10, while the remaining two studies scored between 4 and 5. A funnel plot consisting of results from community-based studies is presented in Supplementary Figure 1 . Asymmetry is observed suggesting there is a risk of publication bias. We were unable to obtain a funnel plot from long-term residential care studies due to the low number of studies in this category.
Prevalence of OH in Community-Dwelling Older People
The 20 included studies resulted in a pooled sample size of 24,967. Study estimates of prevalence varied from 6% to 81%, with the two highest estimates arising from continuous BP monitoring. Pooled analysis revealed a prevalence of 22.2% (95% CI = 17, 28). Substantial levels of heterogeneity were evident between studies (I 2 = 99%), Figure 2 .
Incorporating the quality of the included studies into the pooled analysis, giving greater weighting to those of higher quality, resulted in a slightly lower prevalence, 18.4% (95% CI = 11.4, 26.6), but heterogeneity remained considerable (I 2 = 99%).
A subgroup analysis, based on whether intermittent or continuous BP recordings were measured was performed. As only two studies used continuous BP measurement, with a pooled sample size of 623, the result may not be considered as reliable [70% (95% CI = 46, 92), I 2 = 97%]. However, focussing on intermittent BP measurements, the pooled estimates are very similar to those described above [18% (95% CI = 11, 27), I 2 = 99%].
Prevalence of OH in Long-Term Residential Settings
Six studies were included, with a sample size of 2,694. All studies used intermittent BP measurement. The prevalence of OH in the included studies ranged from 13.6% to 36.6%. The pooled prevalence was 23.9% (95% CI = 18.2, 30.1). Once again levels of heterogeneity were substantial (I 2 = 90%), Figure 3 .
Incorporating the quality of the studies into the pooled analysis revealed a prevalence of 22.2% (95% CI = 15.7, 29.6), with considerable heterogeneity (I 2 = 90%).
Meta-Regression
The relationship between age and the prevalence of OH was explored in a meta-regression model, using the mean age of the included studies. Figure 4 demonstrates that there was a trend for increasing age to be associated with an increasing prevalence of OH. However, this trend was not statistically significant and the difference in the mean age of sample populations in included studies does not explain the high level of heterogeneity.
Discussion
This meta-analysis demonstrates that OH affects nearly one in five older persons living in the community, and almost one in four persons living in long-term residential care facilities. These pooled analyses need to be interpreted with caution in view of the significant heterogeneity between studies.
Despite the availability of consensus guidelines on the magnitude of BP drop required to diagnose OH, this study demonstrates huge variations in assessment methods used to measure postural BP. These included differing supine rest periods, the use of active standing or tilt-table measurements, frequency and timing of BP measurements, and duration of orthostasis. Such was the degree of variation between studies, it was not possible to perform post-hoc sensitivity analyses to explore the impact of different methods on the prevalence of OH. This is an important finding and suggests there is a need for more structured guidance on the methods to measure postural BP. Such guidance would provide a potential solution to the substantial qualitative and statistical heterogeneity found in this study.
The significant heterogeneity is further compounded by inclusion of studies derived from diverse populations of different ages, with different co-morbidities and in different settings. But perhaps this is unsurprising as the population in this study focussed on 'community-dwelling older people', which is a rather general and undefined population to study. While more precise estimates may be achieved by focussing on specific populations such as those with hypertension, diabetes or Parkinson's disease, this leads to a common paradox in ageing research. Increasing levels of homogeneity of the study population, leads to reduced external validity and loss of relevance to the real-world.
None of the included studies in this review used the 2011 update to the diagnostic criteria, in particular the criteria for a sustained drop in BP (1) . The two clear outliers in Figure 2 used continuous BP monitoring to measure postural BP. They report a fourfold greater prevalence of OH than with intermittent readings. Although the 2011 updated criteria may have attenuated their estimate of prevalence, the update does not define what constitutes a sustained drop, thus it is difficult for clinicians and academics to adopt this rationalized criteria.
The current method to measure postural BP is focussed on the magnitude of drop and may represent an over simplification of the approach. Although a recent meta-analysis has suggested that the presence of OH is associated with time to first fall (34), other studies have suggested that actual standing BP may have more relevance to clinical outcomes than the reduction in BP with standing (35) . Furthermore, the presence of a significant BP drop may not necessarily be symptomatic or pathological, and little is currently understood about the underlying mechanisms that would determine the presence of symptoms in those with OH.
Although these pooled results demonstrate a high overall prevalence of OH, they do not reflect the severity of the condition, particularly whether individuals are symptomatic or disabled by their OH. If the inclusion of symptoms were to be considered as a diagnostic criteria, it is possible that these estimates would be reduced. However, there is no standardized method of quantifying symptoms associated with OH, nor an agreement of how severe symptoms would need to be for a positive diagnosis. Furthermore, a lack of awareness of hypotensive symptoms may be present among individuals with OH who may then sustain a fall. Despite the clinical plausibility for this conjecture which could be extrapolated from the accepted wisdom of the lack of awareness of hypoglycaemic symptoms among older persons, limited evidence currently exists to support this hypothesis. However, previous studies have documented the presence of amnesia for loss of consciousness in the related hypotensive disorders or carotid sinus hypersensitivity and vasovagal syncope (36, 37) .
Prevalence studies may be less likely to suffer from publication bias than interventional studies. In an attempt to negate publication bias, the grey literate was included in the search strategies and did identify abstracts and PhD theses which were included in the analysis. However, this review does exclude studies published in non-English language and is therefore open to reporting bias. This limitation should be considered when interpreting the results.
It is important to accumulate evidence for the high prevalence of OH among the older population so that service providers and (27)) are seen in studies using continuous BP monitoring. Full color version is available within the online issue.
Full color version is available within the online issue.
commissioners will recognize its importance as an age-related condition and hence plan appropriately for the populations' needs. This is particularly relevant in the context of the rapidly ageing population. OH is associated with significant morbidity, such as falls, a reduced quality of life and an increased risk of dementia, cardiovascular disease, and mortality (10, 34, 38) . Given the high prevalence of OH, and the rapidly expanding older population, this is an area where further research is urgently needed. Further evidence-based recommendations are also needed to standardize the diagnosis of OH, for both intermittent and continuous BP monitoring.
